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Abstract: Zhuang medicine Shandougen, which is the dry radix and rhizome of the plant Sophora 


tonkinensis from the Leguminosae family, is one of the most important and famous traditional 
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Chinese medicine in Guangxi Zhuang Autonomous Region and also distributed in Yunnan and 
Guizhou provinces. According to the Chinese Pharmacopoeia 2020, shandougen is used for 
clearing heat, removing toxicity, relieving sore throat and detumescence. In order to develop and 
utilize the aerial parts of S. tonkinensis more reasonably and scientifically, the studies for chemical 
constituents and their tyrosinase inhibitory activities of the aerial parts of S. tonkinensis were 
performed. Some modern chromatographic methods for the separation of chemical constituents 
were carried out, such as high-performance liquid chromatography, sephadex LH-20 column 
chromatography, MCI gel CHP 20P column chromatography, silica gel column chromatography, 
and thin layer chromatography. The structures of the pure compounds were established on the 
basis of their spectroscopic data, including the spectra of HR-ESI-MS, 'H NMR and "C NMR. In 
addition, the isolated compounds were evaluated for their tyrosinase inhibitory activity through 
modern pharmacological methods. The results were as follows: (1) Ten compounds were separated 
from the aerial parts of S. tonkinensis and their structures were identified as salicylic acid (1), 
4-hydroxybenzoic acid (2), luteolin (3), 8-prenylkeamferol (4), quercetin (5), daidzein (6), 
formononetin-7-O-f-D-glucoside (7), formononetin (8), tectorigenin (9), and genistein (10). All 
these compounds were isolated from the aerial parts of S. tonkinensis for the first time; (2) 
Compounds 4, 7 and 9 showed strong inhibitory effects toward tyrosinase after the evaluation for 
their biological activity. Particularly, compound 4 showed the strongest inhibitory activity with the 
ICso value of (1.58 + 0.31) x 10? mol-L*!. Compound 4, 7 and 9 could be a potential tyrosinase 
inhibitor after the analysis of bioactivity results. The above result enriches the previous studies on 
the chemical constituents and biological activity of the aerial parts of S. tonkinensis, further 
providing the scientific basis for the development and utilization of the non-medicinal parts of this 
herb. 
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Rin PUBS FE Ayia RA ME CSophora tonkinensis) With Lea, DRAFT] Pate) BE AEG 
GA FA SESS SS. PARSE 73 20181103. 


1.2 ARANAN 


500 MHz fF waste Heyy EX CHI: Bruker Avance HT HD; EF X: Fak tS GEAR), 
Tug X CH: TBE-300C; EP 3: XARA A EAR . EL 
FR (ALS: TBP5002 TAUTO; EPT A: LIER ARAB) . Tas 
CB 55: TC-1050; EP Z: ETA] AE EAR BR ZS]. BR UA CALS: UV 100; 
EPT Zu SHR BRA RAT) . Aa Rg CS: QUC-23050-J00; Æ X: 
JE] Genevac WD . ABP HIBS (lS: CBM-20A; EF A: HORE HAND. BM 
Bl Œ: DGU-20A5; ^t] X: HAEA) . mde C5: LC-20AT; 
APES FR: HGRSGEARSO. 068 EEPEEEUEUS CU: SPD-M20A; Æ X: HÆ 
HEAT) . DRF CH. XS205 DualRange; Æ Z: Fick ap AER IRE I FA E Si 
HD . mex CU: BRUKERHCT; E X: SEAS RIK S. m4 
wav CU: LCMS-IT-TOF; 47") X: HARAS . £f CSS: 
SP-MAX3500FL; EPT Z: WEARER AIR AA) o 
= HE CEPS] X PERE TR AIR a) ; 20XPBS (EP) ZR: JU ARERR A 
N RARD ; ERLE, WRA L-KARE EPT Z: LRRD A) o 
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) 131 fH 4 S 

CN LARA EAR EMH) 7.8 kg, Wav) BURA TALERE, Sd. 

um EPEAT JEJE RUSTICA ECE, FRR EA UBER. CR ZB ET ARR, Yos ABA 
AWUET ARE, AIAT AERE GO g) . LRZ (0g) . KENE 
A © (400g). KARZAI EA MCI gel CHP 20P (8.0 cm x 25.0 cm) EH, [RIP 
1. E-K (0%-100%, V/V) RW, FARRER (TLC) WEHE 7 42H) FrBI-7. 
= FrB1 (25.8 g) fH C18 (5.0cm x 16.0cm) FEA, P-k (0-100%, V/V) 
PS PRED Æ TLC RW, SAAANA FrBII-114. FrB13 ÆRE Sephadex 
e LH-20 #£ (20 cm x 25.0 em) , DASE C: 1, W/V) WRIA, LA 1 
F (6 mg) ; FrB110 Zc&^F il 44! HPLC, UPR- (86: 14, V/V) Wii, DAEMEW 4 
O (6 mg) ; FrB2 (12.4 g) % Diaion HP20SS ft, Sephadex LH-20 #7424449 3 C14 mg) ; 
FrB3 (9.8 g) 2 Sephadex LH-20 EET. FAE HPLC FERMES C12 mg) AEG TI 
10 (56 mg) ; FrB4 (6.5g) 4 Diaion HP20SS f. Chromatorex C18 H5 $140.45 4 2 (5 mg) 
TES) 6 (19 mg) ; FrB6 (13.7 g? Hi Sephadex LH-20. ERIE, 284685 97 (25 
mg) . (5308 (24mg) . LAW (33 mg) . 
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HER Bi; A 30 uL FN PBS & X 20 uL BRE IAA 10 uL PARRA, UWS Ae ARR 
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WEHI: E EUST. HR-ESI-MS m/z: 139.0396 [M+H]*. 'H-NMR (500 MHz, Acetone-ds) 
ô: 7.88 (1H, dd, J = 7.8, 1.7 Hz, H-6), 7.50 (1H, dt, J= 7.8, 1.7 Hz, H-4), 6.96~6.86 (2H, m, H-3, 
5); PC-NMR (125 MHz, Acetone-de) ô: 172.5 (-COOH), 162.7 (C-2), 136.5 (C-4), 131.1 (C-6), 
119.8 (C-5), 117.8 (C-1), 113.1 (C-3). JETS XA (EFE, 20190 TLL, "E H6 1 AK 
HR. 

4t 42: EERE me HR-ESI-MS m/z: 139.0393 [M+H]*. 'H-NMR (500 MHz, 
Acetone-de) ô: 7.90 (2H, d, J = 8.7 Hz, H-2, 6), 6.91 (2H, d, J= 8.7 Hz, H-3, 5); '3C-NMR (125 
MHz, Acetone-ds) ô: 167.7 (COOH), 162.6 (C-4), 132.7 (C-2, 6), 122.6 (C-1), 115.9 (C-3, 5). iff 
L5 xA GHEE, 20160 HHE, MELA 2 NSE BR. 

A 3: feta HR-ESI-MS m/z: 287.0682 [M+H]*. 'H-NMR (500 MHz, DMSO-ds) 
ô: 12.94 (1H, s, 5-OH), 7.38~7.40 (2H, m, H-2', 6’), 6.89 (1H, d, J = 8.9 Hz, H-5’), 6.63 (1H, s, 
H-3), 6.43 (1H, d, J= 2.1 Hz, H-8), 6.18 (1H, d, J= 2.1 Hz, H-6); C-NMR (125 MHz, DMSO-ds) 
ô: 181.8 (C-4), 164.3 (C-2), 164.1 (C-9), 172.5 (C-7), 157.5 (C-5), 149.8 (C-3'), 145.9 (C-4’), 
121.7 (C-6^), 119.1 (C-1^, 116.2 (C-5’), 113.5 (C-2’), 103.9 (C-3), 103.0 (C-10), 99.0 (C-6), 94.0 
(C-8). Het Som CHEESE NEAR, 2014) WHE, MEKE 3 AKER. 

KEW 4: EC ET f  HR-ESI-MS m/z: 355.1197 [M+H]*. 'H-NMR (500 MHz, Methanol-ds) 
ô: 8.06 (2H, d, J= 8.9 Hz, H-2’, 6^), 6.88 (2H, d, J = 8.9 Hz, H-3, 5^), 6.20 (1H, s, H-6), 5.30-5.08 
(1H, m, H-2"), 3.45 (2H, d, J = 6.7 Hz, H-1"), 1.78 (3H, s, H-4"), 1.66 (3H, s, H-5"); C-NMR 
(125 MHz, Methanol-d;) ô: 177.5 (C-4), 162.7 (C-7), 160.4 (C-5), 160.0 (C-4'), 155.4 (C-9), 147.9 
(C-2), 136.9 (C-3), 132.4 (C-3"), 130.7 (C-2', 6’), 124.1 (C-1^, 124.1 (C-2"), 116.3 (C-3', 5^, 
107.6 (C-8), 104.5 (C-10), 98.8 (C-6), 25.9 (C-4"), 22.5 (C-1"), 18.2(C-5"). (o Ww SMH Cw 
Sinz, 20100 XTE, WARE 7 4 73 8-F SEIZE). 

WE) 5: WER  HR-ESI-MS m/z: 303.0254 [M+H]*. 'H-NMR (500 MHz, Methanol-d4) 
ô: 7.72 (1H, d, J = 2.2 Hz, H-2’), 7.61 (1H, dd, J = 8.5, 2.2 Hz, H-6’), 6.87 (1H, d, J = 8.5 Hz, 
H-5^, 6.37 (1H, d, J = 2.0 Hz, H-8), 6.17 (1H, d, J = 2.0 Hz, H-6); ?C-NMR (125 MHz, 
Methanol-ds) ô: 177.3 (C-4), 165.7 (C-7), 162.4 (C-9), 158.2 (C-5), 148.8 (C-2), 148.0 (C-4^, 
146.2 (C-3^), 137.2 (C-3), 124.2 (C-1’), 121.7 (C-6’), 116.2 (C-5^, 116.0 (C-2^, 104.5 (C-10), 99.3 
(C-6), 94.5 (C-8). iE SCA (ESM, 2014) Sh, Wü Te T 5 AHR e 

WEH 6: AER. HR-ESI-MS m/z: 255.0658 [M+H]*. 'H-NMR (500 MHz, DMSO-ds) 
ô: 8.17 (1H, s, H-2), 7.93 (1H, d, J= 8.8 Hz, H-5), 7.33 (2H, d, J= 8.5 Hz, H-2', 6’), 6.90 (1H, m, 
H-8), 6.82 (1H, d, J = 2.7 Hz, H-6), 6.79 (2H, d, J = 8.5 Hz, H-3', 5; '3C-NMR (125 MHz, 
DMSO-ds) ô: 175.4 (C-4), 162.9 (C-7), 157.9 (C-9), 157.5 (C-4'), 153.3 (C-2), 130.5 (C-2',6’), 
128.6 (C-5), 124.0 (C-3), 123.0 (C-1^, 117.0 (C-10), 115.7 (C-3', 5’), 115.5 (C-6), 102.5 (C-8). if 
i5 CA OAS, 2013) Lk, ELAM 6NKER. 

WEH 7: EER  HR-ESI-MS m/z: 431.1345 [M+H]*. 'H-NMR (500 MHz, DMSO-ds) 
ô: 8.36 (1H, d, J = 6.5 Hz, H-2), 8.04 (1H, dd, J= 8.9, 2.0 Hz, H-5), 7.49 (2H, d, J = 8.7 Hz, H-2’, 
6^, 7.21 (1H, d, J= 2.1 Hz, H-8), 7.15 (1H, dd, J= 8.9, 2.3 Hz, H-6), 6.97 (2H, d, J= 8.7 Hz, H-3', 


5^), 5.08 (1H, d, J = 7.1 Hz, H-1"), 3.76 (3H, s, 4-OCH:); ?C-NMR (125 MHz, DMSO-ds) ô: 
175.2 (C-4), 161.7 (C-7), 159.4 (C-4^, 157.4 (C-9), 153.9 (C-2), 130.3 (C-2',6’), 127.3 (C-5), 
124.1 (C-1^, 123.8 (C-3), 118.8 (C-10), 116.0 (C-6), 114.0 (C-3,5^, 103.8 (C-8), 100.3 (C-1"), 
77.4 (C-5"), 76.6 (C-3"), 73.4 (C-2"), 70.1 (C-4"), 61.0 (C-6"), 55.5 (4-OCH3). iit 5; vc CA 
FERPA, 2011) MLK, WARE 7 NT MATER -1-O-B-D- "| HEE o 

WEH 8: Wittm HR-ESI-MS m/z: 269.0465 [M+H]*. 'H-NMR (500 MHz, DMSO-ds) 
ô: 8.32 (1H, s, H-2), 7.97 (1H, d, J= 8.8 Hz, H-5), 7.50 (2H, d, J = 8.8 Hz, H-2', 6^), 6.98 (2H, d, 
J = 8.8 Hz, H-3', 5), 6.94 (1H, dd, J= 8.8, 2.3 Hz, H-6), 6.87 (1H, d, J = 2.3 Hz, H-8), 3.78 (3H, 
s, OCH3); C-NMR (125 MHz, DMSO-de) ô: 174.7 (C-4), 162.6 (C-7), 159.0 (C-4^), 157.5 (C-9), 
153.1 (C-2), 130.1 (C-2', 6), 127.3 (C-5), 124.3 (C-1^), 123.20 (C-3), 116.6 (C-10), 115.2 (C-6), 
113.7 (C-3', 5^, 102.14 (C-8), 55.3 (4-OCH;). iit 5 xA CEFE, 2018) XH, MELE 
W 8 KRITIES o 

WEH 9: EE ET o HR-ESI-MS m/z: 301.0710 [M+H]*. 'H-NMR (500 MHz, Methanol-d4) 
ô: 8.05 (1H, s, H-2), 7.37 (2H, d, J= 7.5 Hz, H-2’, 6), 6.84 (2H, d, J= 7.5 Hz, H-3',5'), 6.44 (1H, s, 
H-8), 3.87 (3H, s, 6-OCH3); C-NMR (125 MHz, Methanol-ds) ô: 182.5 (C-4), 158.9 (C-5), 158.7 
(C-4^, 155.0 (C-7), 154.8 (C-9), 154.6 (C-2), 132.9 (C-6), 131.4 (C-2', 6’), 124.2 (C-1^, 123.3 
(C-3), 116.3 (C-3', 5^), 106.7 (C-10), 95.0 (C-8), 60.9 (6-OCH3). 38 isl E; SCHR EKE EL“, 2006) 
tH, müde n0 9 NE RRR 

MAT 10: TERCERA Mo HR-ESI-MS m/z: 271.0608 [M+H]*!. 'H-NMR (500 MHz, 
DMSO-ds): ô: 12.94 (1H, s, OH-5), 8.26 (1H, s, H-2), 7.33 (2H, d,J = 8.6 Hz, H-2', H-6’), 6.84 
(2H, d, J = 8.6 Hz, H-3', H-5'), 6.36 (1H, d, J = 2.0 Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6); 
BC-NMR (125 MHz, DMSO-ds): ô: 180.3 (C-4), 164.3 (C-7), 162.1 (C-4^, 157.7 (C-5), 157.5 
(C-9), 153.9 (C-2), 130.2 (C-2', 6’), 122.4 (C-1^, 121.3 (C-3), 115.2 (C-3', 5^), 104.6 (C-10), 99.0 
(C-6), 93.7 (C-8). HE 5j XA CIR EA, 20200 SEK, MELE 10 745 4E PER. 


2.2 KAREME PEU AAR 
E] “1.3.2” Br Zik EAH 4. 7 519 AR TEE, JUDA UA. 5 
RER, SHERHE, MEH 4 RI He Be oe RS RH S TS TE, ICso f 7J 1.58x10? 
mol-L; WEH 9 o BE See aE AS OH E FH 5S FH POS] RRA 25; KEH 7 SERES SU S PE FH 
TH 39 -T FH POSER 


d RARE js E D s ER 
Table 1 The results of tyrosinase inhibitory activity 


Paul ICso + SD (mol: L7) 
: (1.58 + 0.31)x10°" 
i (7.82 + 0.28)x10^* 
: (3.73 + 0.45)x104* 
Hh Ee e 


"NE (3.82 + 0.52)x10^ 
Kojic acid* 


TE: (D) RARER; 2 SPH PE XTRA LEAR, "RRP < 0.05, "XE P < 0.01. 
Note: (1) ^ indicates positive control; (2) Compared with positive control group, * indicates P < 0.05, ™ 


indicates P « 0.01. 
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WFR AS, HEH 25 IE ZS H BB tie s 28 HE RA 0L) A, ATE A 
RAMA. PIU, eig ABE RA BIA TRA SE. T CHE Z8 A eB AL 
AATF] A CT ASB Rel AAS Re, ARRAIA Cu + ES 
259 CHAE A RTE A Zu, 2020) . HEH ZG AYE 25 HE br RRA A I 1 ER 
TEEPE, HAAS IA Ve HE ETC SCE Pu. TIL Hee PGT EI E E 2 FH AB 
APRESS, AURA VSZLIETE. mREESSMUDLOSH RR 8). EB. AE Ph ee 
MEM, AAR. DUE. MMA REE CRRA aR, 2018) . — pge 
2j mr ur HT ee. fih. SA GRETA =, 2019) . FACT IL, PE 
25 Ro br Bag BARAT AHA AMA Biss TRIS, AUPE IH Bor. BEES ZEE CUR ATI 
$t, AAT SCHUB ZU Ot UR n ERA. BO TG SE ED CU LS C25 HE Br AR AR 
E. UH RUN) AT RURSUS BU PARRAMN, 2020) , T AMT FET UT AA ] 
iL s t. ERNEA BS BIS ARS (56790. FE ACH MIRI BR RIS RH f 
VE, ee PER EE BIAIS SEC HU OS. DALE FRB I dS TALL AR EB} FO 4455 o efti e CAE 
PEPE, ABE Aer ACRI LL AR EZ HE aere pt REFS. 
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